Abstract: We performed differential transmission spectroscopy and time resolved pump probe measurements on biased InGaAs/InGaAsP multiple quantum well structures. At low carrier excitation levels we observe a shift in the energy of the excitonic absorption resonance caused by the photogenerated carriers screening the applied electric field within the quantum wells. Increasing the pump power the exciton transmission energy blue shifts until it reaches the zero internal field energy position. For our pump-probe measurements field screening dominates at pump powers lower than 50 W /~r n .~ while at higher powers exciton saturation becomes dominant. We deduce a saturation intensity of 250 W/cm2.
Introduction
Multiple quantum well structures are considered 5erious contenders in a variety of optoelectronic applications for example MQW modulators [l, 21. These devices can be optimized changing structural parameters like widths and compositions of the barriers or wells [3] . But there are modifications of the absorption of those structures caused by the excitation intensity like field screening [4] and exciton saturation [5, 61 which limit the switching efficiency. Due to this it is important to understand these additional effects. There have also been reports showing that the high speed characteristics of external modulators are influenced by optically injected carriers [2, 7, 81. In this paper the excitation depend absorption properties are investigated using static differential transmission and dynamic pump-probe measurements. We investigated the differential transmission signal in dependence of the intensity of a separate excitation YAG laser beam which excites the multi quantum well and the barrier region.
We investigated p-i-n InGaAs/InGaAsP/lnP (Ec(lrzGnAsP) = 1.07 eV) quantum well structures grown by low pressure MOVPE. The number of wells was 10 (L, = IOnm) and the barriers and confinement layers are lOnm and 100nnz long, respectively.
Differential Transmission Measurements under CW Optical Excitation
We performed standart differential transmission measurements varing the external voltage under different excitation conditions. Fig. 1 shows the spectra for three different excitation powers at a applied voltage of Uo = -1 V and a voltage modulation of AU = 2 V peak to peak. We recognize a shift in the position of the exciton which is given by a change in the zero crossing point. Increasing the excitation power density from OrnW/cm2 to 1200 mW/cmZ we obtain a shift of 10 meV to higher energy. In addition we see that the modulation depth and the wavelength region in which the modulation occurs decrease with increasing excita.tion power.
These experimental results are caused by the separation of the photogenerated carriers in the intrinsic field of the p-i-n structure of about lo4 Vlcm.. The field screening reduces the electric field in the multi quantum well region whereby the electric field in the confinement layers increases. The reduced electric field in the MQW region gives the reason for the blue shift in the exciton energy. Because of the screening the external voltage modulation gets less and less effective and at high excitation power the screened MQW region is hardly reacting. Due to this the decrease in the modulation depth and the wavelength region in whicl~ the modulation occ,urs can also be explained.
Modulating a low power cw-YAG beam at zero applied voltage we investigated the power dependence of the differential transmission signal. We observe, shown in Fig. 2 , only negative signals decreasing with YAG-power. This is caused by the blue shift of the exciton position and therefore an increase of the absorption coefficient. This is caused by the blue shift of the exciton.
Dynamic Pump-Probe Measurements
For our pump-probe measurements we used 5ps (Nd-YAG) pump pulses and probed ( 0 . 5~~) with a fixed wavelength on the high energy side of the heavy hole exciton. Both pump and probe pulses were focused through a lensed fiber perpendicular to the epilayers. The behaviour of our pump-probe measurements up to the excitation power densities of 140 W/cm2 is shown in Fig.3 . In the case of 45 mW/cm2 we find a negative differential transmission change and for the higher excitations a positive transmission change.
The negative sign at 45 mW/cm2 of the pump-induced probe transmission signal indicates again a field screening induced blue shift in the excito~i energy with increasing excitation power. Before the pump pulse excites the device the intrinsic electric field determines the position of the exciton.
If the pump puls excites the MQW region (td,,,, > O p s ) the photogenerated carriers are screening the intrinsic field and the exciton shifts to higher energies. Because we probed our MQW structure on ,the high energy side of the exciton the observed dec.rease of the transmission can be explained. At'excitation power densities higher than 50 W/cm.%e observe an increase in transmission which we attribute to exciton saturation.
Looking at the rise time of these pump-probe measurements we find for the negative transmission change a little higher rise time (tTi,, 2: 10 f 2 p s ) than for the positive one (tTi,, N 6 f 2 p s ) . This should be an indication for the different origin of the negative and positive transmission change. The longer rise time in the case of field screening can be explained by the additional carrier transport in the MWQ structure.
The power dependence of the maximum of the transmission change for the pump-probe measurements is shown in fig. 4 . These measurements at high power excitation can be described with the exciton saturation model of Chemla [9] . The calculated power dependence also shown in fig. 4 agrees very well with the experimental results. This supports the assumption that exciton saturation is responible for the increase in transmissioll at high excitation power densities. The calculated exciton saturation intensity as defined by Chernla [9] is Is = 250 W/cm2. The transmission change at (A = 1542nna) dynamic pump-probe measurements is shown over power density. Exciton saturation is observed at high power densities.
Conclusion
In conclusion, we investigated the excitation dependence of field screening and excitation saturation in InGaAs/InGaAsP MQW structures. Field screening reduces the electric field in the multi quantum well region which is shown in a blue shift of the exciton energy increasing excitation power. This effect dominates for excitation intensities lower than 50 W/cm2. At higher power densities exciton saturation dominates. That means that the exciton absorption is extremly reduced and the differential transmission signal increases ( fig. 4 ). We nleasured a saturation density of 250 W/cm2 for this structure.
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